To determine the healthcare costs of acute and chronic pain associated with herpes zoster. DESIGN: Retrospective cohort analysis. SETTING: Inpatient and outpatient care. PARTICIPANTS: Patients were selected from Medicare, commercial insurance, and Medicaid claims databases if they had a diagnosis of herpes zoster or postherpetic neuralgia (PHN) or were prescribed analgesics after a diagnosis of herpes zoster (possible PHN) and were matched to controls for demographic and clinical factors using propensity scores. MEASUREMENTS: One-year excess healthcare expenditures attributable to herpes zoster pain or PHN were calculated for inpatient, outpatient, and prescription drug services. RESULTS: For the Medicare cohort, the average excess cost per patient was $1,300 in the year after a diagnosis of herpes zoster with 30 days or fewer of analgesic use and ranged from $2,200 to $2,300 per patient with PHN or possible PHN. Patients with possible PHN were 53% more prevalent than patients with PHN in the Medicare cohort and accounted for half of all excess expenditures. Findings were similar in the younger cohorts with commercial insurance and Medicaid except that costs attributable to PHN and possible PHN were higher, and patients with possible PHN were three to five times as prevalent as patients with PHN. CONCLUSION: Healthcare costs associated with PHN were substantially greater than those associated with herpes zoster pain that resolved within 30 days. The data suggest that as many as 80% of patients with PHN may not be diagnosed with PHN and that these patients account for at least half of PHN expenditures. J Am Geriatr Soc 55: 1168-1175, 2007. Key words: herpes zoster; postherpetic neuralgia; acute pain; chronic pain; healthcare costs R eactivation of varicella-zoster virus and its spread from a sensory ganglion to the corresponding dermatome causes herpes zoster (shingles).
R eactivation of varicella-zoster virus and its spread from a sensory ganglion to the corresponding dermatome causes herpes zoster (shingles). 1, 2 Herpes zoster occurs annually in approximately one million people in the United States, during the lifetimes of up to 30% of the population, and in as many as 50% of those living until 85 years of age. 1, [3] [4] [5] [6] [7] [8] The appearance of a characteristic unilateral dermatomal rash with localized pain marks the onset of herpes zoster in nearly all patients. Pain persists after rash healing in a substantial percentage of patients with herpes zoster, although the precise figure depends on age and other risk factors. A recent observational study of patients with herpes zoster (more than half aged !50) presenting to family physicians in England reported that pain persisted in 38% at 6 weeks, 27% at 12 weeks, 16% at 6 months, and 9% at 1 year. 9 The results of recent research provide support for a distinction between three phases of pain associated with herpes zosterFacute pain occurring within 30 days after rash onset; postherpetic neuralgia (PHN), defined as pain that persists 120 days or more after rash onset; and subacute herpetic neuralgia (SHN), pain that persists beyond 30 days but resolves before the diagnosis of PHN is made. [10] [11] [12] PHN is the most common and most feared complication of herpes zoster in immunocompetent patients, and estimates of its prevalence in the United States range from 500,000 to 1,000,000. 13, 14 In one large sample, 12.5% of patients with herpes zoster developed PHN defined as pain 90 days after rash onset of at least 3 on a pain intensity scale of 0 to 10. 8 It was recently found that the average costs associated with PHN and SHN ranged from $2,700 to $9,300 in the year after diagnosis, depending on the patient's type of insurance. 15 The absence of data on the costs of acute pain in patients with herpes zoster (pain that resolved within 30 days after the diagnosis), modest sample sizes in some groups, and the need to extrapolate Medicaid costs to allow comparison with other insurance types limited this analysis. The objectives of the present analyses are to evaluate the healthcare costs associated with acute and chronic pain in patients with herpes zoster in an expanded database that addresses these limitations. Accurate determination of the healthcare expenses associated with herpes zoster will increase the validity of cost-effectiveness analyses of treatments for PHN 16 and of strategies to prevent herpes zoster and PHN, 17 for example, zoster vaccination. 8 
METHODS
This study is a retrospective cohort analysis. Excess healthcare costs in patients with herpes zoster acute pain, PHN, or SHN were calculated by comparing expenditures for cohorts of patients with these painful conditions with expenditures of control groups without these conditions who were propensity score matched on demographic characteristics and comorbidities to the patients with pain to eliminate measurable differences between the groups. Estimates are provided for those with Medicare, commercial insurance, and Medicaid separately.
Study Population
The data for this study came from 18, 19 Because antidepressants other than TCAs and benzodiazepines may not have been used for pain associated with herpes zoster, considering these medications to be analgesics may have introduced a misclassification bias; for this reason, we performed sensitivity analyses that excluded these medications.
Patients were considered to have PHN if they had a healthcare claim with a primary diagnosis of PHN (ICD-10 053.12, 053. 13, 053.19) . Because the concept of subacute herpetic neuralgia has only been validated in the past several years, [10] [11] [12] it is likely that this group includes patients with SHN who were diagnosed with PHN.
Patients were considered to have possible PHN if they had a healthcare claim with a primary diagnosis of herpes zoster (ICD-10 053.9x, 053.0x, 053.10, 053.11, 053.2x, 053.7x, 053.8x) and had received more than 30 days of analgesic medication starting within 30 days after the herpes zoster diagnosis. As above, medications considered to be analgesics in the primary analysis were those commonly used during the study period, whether appropriately or not, in the treatment of PHN and other neuropathic pain conditions. 18, 19 Because of their persisting use of analgesic medications after their diagnosis of herpes zoster, it is likely that the possible PHN group consists of a mixture of patients with PHN and SHN whose herpes zoster diagnoses were not revised to reflect their persistent pain.
The date of the herpes zoster or PHN diagnosis that met the above criteria was considered the index event. The 6 months preceding the index date was the pre-period, which was used for propensity matching, and the 12 months after the index date was the post-period, from which expenditure data were derived. The index date was between July 1, 2001, and December 31, 2003 .
Patients were only included in the study once. If a patient was eligible to be in more than one of the pain cohorts, they were assigned based on the following hierarchy: PHN, possible PHN, herpes zoster (i.e., if a patient with herpes zoster later developed PHN, they were included in the PHN cohort). It is important to emphasize that all prescription medication claims are included in the Medicare, commer-cial insurance, and Medicaid databases and that the only way that patients could have obtained prescription analgesics without being identified would have been if they did not use their insurance and paid cash for the prescription.
Patients were excluded from the study if they were not continuously enrolled from the pre-period through the postperiod or if at any time during the study they were pregnant or insured under a capitated insurance plan. Pregnant patients were excluded, because certain pain medications may be contraindicated during pregnancy. Healthcare payment information on capitated insurance claims is often missing or not representative of the services provided; thus patients with capitated coverage were excluded.
A random sample of patients without diagnoses of herpes zoster and PHN were the control cohorts. Separate control groups were selected for each pain cohort (herpes zoster, possible PHN, and PHN) and insured group (Medicare, commercial, and Medicaid). The control groups were nine times as large as the corresponding pain cohorts and met the same exclusion criteria. The index date for the controls was randomly assigned from the appropriate pain cohort.
Measurements
Patient demographic characteristics included age at index diagnosis and sex. A residence variable (urban vs rural) was also included and defined based on residence within a metropolitan statistical area. The region of the country where the patient resided was also tabulated for the Medicare and commercial patients (this information was not available for Medicaid patients). The regions included the northeast, north central, south, and west. Because patients' index dates could vary from 2001 to 2003, this was controlled for by including binary indicators for each year. For the Medicaid patients, race/ethnicity was also available and consisted of African American, American Indian or Alaskan native, Asian or Pacific Islander, Caucasian, Hispanic, and other/missing.
To control for overall medical comorbidity, the Charlson Comorbidity Index (CCI) score in the pre-period was used. The CCI score is a measure of the burden of comorbid illness that can be calculated easily with claims data. Higher CCI values indicate a higher probability of death or major disability due to comorbid illness. 20, 21 To control for concomitant psychiatric conditions, a psychiatric diagnostic group (PDG) variable was used that measures the number of major psychiatric conditions for which a patient received treatment in the pre-period. 22 This is based on ICD-9 diagnosis codes present on claims, which are analogous to the major diagnostic categories used in the diagnosis-related groups classification system.
Medicare and commercial patients were divided into those covered by traditional indemnity plans and those covered by managed care plans. Managed care plans included point of service and preferred provider service plans.
The outcome variable of interest in this study was annual healthcare expenditures, which were measured for each patient in the post-period. Excess healthcare costs were estimated as the difference in average annual healthcare expenditures between the pain cohorts and the matched control groups. Expenditures are reported in 2004 dollars.
Data Analyses
Descriptive analyses were used to compare the pain cohorts with their respective control groups before and after matching. Chi-square tests were used to compare binary indicators across the cohorts, and Student t tests were used for the continuous variables.
A key problem with observational studies is the lack of randomization in assigning individuals to groups. Because of this, the existence of confounding factors may bias results from descriptive analyses. Propensity score matching was developed for adjusting such confounding factors. The main purpose of matching is to reduce selection bias by improving the balance between groups. Propensity score matching employs the predicted probability of group membership based on observed predictors. For example, given two patients, one in a pain cohort and one in its control group with the same (or a similar) propensity score, these patients can be considered to be randomly assigned to each group. 23 The control patients were matched to pain cohorts according to the predicted probability of being in that pain cohort. This probability was estimated for each patient based on a logistic regression analysis that controlled for patient demographic characteristics (age, sex, insurance type, region, urban residency, and index year, and in addition, race for the Medicaid patients) and overall comorbidities (CCI and PDG) in the pre-period. This was done separately for each pain cohort and each insured group (Medicare, commercial, Medicaid), creating a total of nine pain cohort and control group pairs. Patients were matched using a nearest-neighbor, within-caliber, one-to-one approach. 24 Patients who were not matched were eliminated from the sample.
Consistent with previous studies, 25 a second-stage regression was estimated to control for remaining significant differences between the cohorts on the matching variables. Specifically, the second-stage regression used total healthcare expenditures in the post-period as the dependent variable and the same independent variables used in the matching. Because healthcare expenditures are often skewed, a generalized linear model was used. When normality does not hold, generalized linear models use quasimaximum likelihood estimation rather than maximum likelihood estimation. These estimators are robust to distributional misspecification, that is, if the conditional mean is correctly specified, quasi-maximum likelihood consistently estimates the parameters regardless of distribution.
Although benzodiazepines and antidepressants other than TCAs are used to treat patients with PHN and other neuropathic pain conditions, 19 their use in neuropathic pain is not evidence based and may not be as widespread as treatments for which there is evidence of efficacy. 18 For this reason, sensitivity analyses were conducted in which benzodiazepines and ''other antidepressants'' were deleted from the list of analgesics used for determining which patients with herpes zoster pain to include in the study. All of the models were rerun, and the results of these sensitivity analyses were compared with the primary analyses that included benzodiazepines and ''other antidepressants.'' RESULTS Post-matching demographic and clinical characteristics of patients and controls are shown in Table 1 . (Additional preand post-matching characteristics for each of the pain and control cohorts are available from the first author.) After matching, patients in the Medicare group were approximately 25 years older than patients in the commercial and Medicaid groups. Medicare patients also had higher CCI scores than those with commercial insurance and lower mean numbers of PDGs than those with Medicaid.
For all three types of insurance, patients with herpes zoster acute pain were well matched with their control groups except that CCI scores were higher in the pain cohorts than in their respective control groups (Table 1) (Table 1) .
Multivariate Results
The expenditure data for each type of pain for the three insurance types are presented in Table 2 . Exact coefficients and marginal effects for the generalized linear models are available from the first author.
Herpes Zoster Acute Pain
The annual excess healthcare costs per patient associated with herpes zoster acute pain were $1,298 in the Medicare sample (Po.001). Excess expenditure estimates were similar in the commercial sample but were 42% lower in the Medicaid sample (Table 2 ). For each insurance type, greater comorbidity, as assessed according to the CCI and PDG scores, and older age were associated with greater expen- ditures (P4.001), although the magnitude of the effect for age was modest.
PHN and Possible PHN
For Medicare patients, the annual excess healthcare costs associated with PHN and possible PHN were $2,159 and $2,292, respectively (Po.001). Based on these estimates, excess expenditures for patients with PHN and possible PHN were more than twice as high in patients with commercial insurance and Medicaid as in Medicare patients ( Table 2) . For each insurance type, higher CCI scores and greater number of PDGs were associated with greater expenditures in patients with PHN and possible PHN (Po.001). The majority of patients with possible PHN were taking analgesics between 4 and 6 months after the diagnosis of herpes zoster: 79.2% in the Medicare sample (vs 32.6% of controls), 82.9% in the commercial sample (vs 30.6% of controls), and 88.5% in the Medicaid sample (vs 49.1% of controls).
In the Medicare sample, 53% more patients had possible PHN than had PHN (Table 1) . Patients with possible PHN were also more prevalent in the commercial and Medicaid samples. Because it was prevalent and expensive to treat, possible PHN accounted for the majority of total expenditures (Figure 1 ). Table 3 displays the percentages of the total expenditures attributable to different types of care for each pain category and insurance. In all of the cohorts, the majority of expenses are not directly attributable to herpes zoster or mental health (but occur in the ''other'' category). For each insurance type, expenditures for prescriptions are substantially greater for patients with PHN and possible PHN than for patients with herpes zoster with acute pain. For patients with Medicare and commercial insurance, approximately half of all healthcare payments represent outpatient nonemergency department claims.
Expenditure Components

Sensitivity Analyses
When benzodiazepines and ''other antidepressants'' were deleted from the list of analgesics used for determining which patients with herpes zoster pain to include in the study, the numbers of Medicare patients in the herpes zoster acute pain and possible PHN cohorts decreased 12% and 10%, respectively, and the respective expenditure estimates decreased 32% and 20%. The numbers of patients in the different commercial insurance and Medicaid cohorts decreased 12% to 16%, with the expenditure estimates falling 40% to 47% for commercial patients and 69% to 87% for Medicaid patients (specific results for each of the pain and control cohorts are available from the first author). The results for the PHN models did not change, because medication use was not a criterion for being included in this cohort.
DISCUSSION
The results indicate that annual healthcare costs associated with PHN range from $2,159 to $5,387 and are much greater than the healthcare costs associated with acute pain in patients with herpes zoster, which range from $757 to $1,313. Patients who were not diagnosed with PHN but who were classified as having possible PHN generated most of the excess expenditures. These patients had diagnoses of herpes zoster but had received more than 30 days of analgesic medication starting within 30 days after their diagnosis with herpes zoster. Their annual healthcare costs ranged from $2,292 to $5,742 and were similar to those of the patients who were diagnosed with PHN.
The total costs of care and the components of the costs of care (Table 3) associated with PHN and possible PHN were remarkably similar. Furthermore, 79.2% to 88.5% of the patients with possible PHN were taking analgesics more than 3 months after their diagnosis with herpes zoster. Considered together, these data suggest that a large percentage of the patients who were classified with possible PHN probably had undiagnosed PHN, that is, these patients had developed PHN but had not had their diagnoses changed from herpes zoster to reflect the persistence of their pain. It is important to recognize that the group of patients with possible PHN was much larger than the group with PHN and that much of the total healthcare expenditure burden associated with persisting pain in patients with herpes zoster would be missed if patients without a diagnosis of PHN but with a diagnosis of herpes zoster were excluded from consideration. The proportion of patients with possible PHN was somewhat lower in the Medicare group, which suggests that Medicare patients with persisting pain are more likely to be diagnosed with PHN than patients with commercial insurance or Medicaid (Table 1) . This could reflect greater familiarity with PHN among providers of Medicare patients or greater expectation of PHN in older patients. Future research must consider the effect of underdiagnosis of PHN not only on estimates of healthcare costs, but also on the adequacy of clinical care in the community. In these data, older age was associated with higher expenditures for many of the pain cohorts, although the magnitude of this effect was modest. However, even though the average Medicare patient was considerably older than the average patient with commercial insurance or Medicaid, Medicare expenditures were generally lower than commercial insurance or Medicaid expenditures for the cohorts with PHN and possible PHN. The explanation for this is unclear but could involve higher background healthcare expenditures in the Medicare control groups and possibly greater out-of-pocket expenses for Medicare patients.
Patients with PHN suffer from physical disability and emotional distress and have greatly increased healthcare utilization as a result of their chronic pain. [26] [27] [28] In addition, acute pain in herpes zoster has been shown to have adverse effects on physical and emotional functioning. 29, 30 On the basis of a cost-utility analysis conducted for England and Wales, 31 the total societal costs of herpes zoster and PHN in the United States could be estimated as approximately $1.7 billion per year, which would include physician visits, hospitalizations, work loss, and household expenditures. The percentages of these costs that are attributable separately to herpes zoster and PHN cannot be estimated from this study. In studies conducted in the 1990s, the healthcare costs of PHN were estimated to be as high as $3,250 per year (converted to 2004 dollars). 26, [32] [33] [34] [35] A recent study of the economic costs of neuropathic pain, including PHN, reported that calendar year 2000 healthcare charges were higher in patients with neuropathic pain ($17,355) than in matched controls ($5,715) in a sample of patients drawn from private healthcare plans in the United States. 36 Most recently, using a smaller set of data with no information on acute pain during herpes zoster, markedly variable estimates of excess healthcare costs associated with PHN (including SHN) were found that ranged from $2,696 to $9,310 during the first year, depending on insurance type. 15 The present study is the first assessment of healthcare costs associated with the acute pain of herpes zoster and the chronic pain of PHN in the United States. The present analysis extends earlier findings by providing more-precise estimates of expenditures for each of three insurance types; separate estimates for patients with herpes zoster acute pain, patients diagnosed with PHN, and patients who received more than 30 days of analgesics after a diagnosis of herpes zoster, who appear to be undiagnosed patients with PHN; and quantification of the relative frequency of these different types of pain after a diagnosis of herpes zoster and their relative contributions to the overall cost burden of pain associated with herpes zoster.
The incidence of herpes zoster seems to have increased in the past several decades, 37 and several factors suggest that the number of patients suffering from herpes zoster and PHN will continue to increase. The number of individuals at the greatest risk for herpes zosterFbecause they are older or immunocompromisedFis expected to rise, and older age also increases the risk of PHN. 27 In addition, recent epidemiological data 38, 39 are consistent with the prediction that the incidence of herpes zoster will increase because childhood varicella vaccination has reduced the opportunities for subclinical immune boosting associated with exposure to varicella-zoster virus. [40] [41] [42] These analyses in the present study have several limitations. Accurate categorization of insurance information depends on correct ICD-10 coding, and it was not possible to evaluate the accuracy of the diagnoses used. It is also possible that cases of herpes zoster acute pain and possible PHN could have been missed and that the costs of these conditions underestimated if analgesics were paid for using other means than insurance, either because of inadequate coverage or use of over-the-counter medications. It is likely that including patients using only over-the-counter medications would increase the number of patients classified as having pain, but if such patients are prevalent, the resulting estimates of per patient excess expenditures would be decreased; furthermore, use of milder analgesics to identify patients with herpes zoster pain and PHN could cause misclassification of other types of pain, such as from headache or arthritis. Although the results of the sensitivity analyses suggest that the expenditure estimates for herpes zoster acute pain and possible PHN differ depending on the medications considered to be analgesics, the Medicare results were the least affected. Furthermore, the identification of PHN cases was based solely on ICD-10 codes, so the estimates of PHN-related expenditures are not dependent on which medications were considered to be analgesics. Propensity score matching, although powerful, cannot account for all possible differences that might affect healthcare expenditures. For example, it is possible that the outcomes of patients with the same observable characteristics could vary widely because of some unobservable factors, such as physician or practice prescribing patterns. Moreover, only direct insurance expenditures were measured, which underestimates the total cost to society of herpes zoster pain. It is likely that acute and chronic pain in patients with herpes zoster are associated with significant out-of-pocket expenses and additional societal costs, such as lost work time, as well as substantial impairment in quality of life, none of which are included in the present estimates and all of which would increase the overall costs of herpes zoster. 43 Finally, the estimates of healthcare expenditures capture excess expenses only during the first year after a diagnosis of herpes zoster; the total cost of care delivered in subsequent years therefore remains unknown.
Our results can provide a basis for cost-effectiveness analyses 16 of existing treatments for PHN. 44 Because many patients with PHN are completely or partially refractory to these treatments, 45 the development of interventions to prevent herpes zoster and PHN has become a research priority. The data from the current study can also be used in cost-effectiveness analyses of such preventive interventions, 17, 46 which include vaccination of older individuals 8 and antiviral therapy and other treatments designed to reduce the risk of PHN in patients with herpes zoster. 47 Author Contributions: All authors participated in study concept and design, data acquisition, analysis and interpretation of data, and preparation of the manuscript. Drs. Baser and Hawkins had primary responsibility for performing the statistical analyses.
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